States previously reported to be nontypeable (NT) by capsule serotype determination were subjected to buoyant density gradient centrifugation. From nearly half of the isolates capsule-expressing variants could be selected. For characterization of the remaining NT-GBS isolates, the capsule operon (cps) was amplified by the long-fragment PCR technique and compared by restriction fragment length polymorphism (RFLP) analysis. The patterns from serotype reference isolates (n ‫؍‬ 32) were first determined and used as a comparison matrix for the NT-GBS isolates. Using two restriction enzymes, SduI and AvaII, cluster analysis revealed a high degree of similarity within serotypes but less than 88% similarity between serotypes. However, serotypes III and VII were each split in two distant RFLP clusters, which were designated III 1 and III 2 and VII 1 and VII 2 , respectively. Among the isolates that remained NT after repeated Percoll gradient selections, two insertional mutants were revealed. Both were found in blood isolates and harbored insertion sequence (IS) elements within cpsD: one harbored IS1548, and the other harbored IS861. All other NT-GBS isolates could, by cluster analysis, be referred to different serotypes by comparison to the RFLP reference matrix. In pulsed-field gel electrophoresis of SmaI-restricted chromosomal DNA, patterns from allelic type 1 and 2 isolates were essentially distributed in separate clusters in serotypes III and VII. A covariation with insertion sequence IS1548 in the hylB gene was suggested for serotype III, since allelic type III 1 harboring IS1548 in hylB, clustered separately. The variation in serotype VII was not dependent on the presence of IS1548, which was not detected at any position in the type VII chromosome.
Group B Streptococcus (GBS) is the most common cause of neonatal bacteremia and meningitis but can also cause serious infectious disease among adults (3, 6, 28) . However, commensal intestinal or genital colonization is probably the most common manifestation of contact between GBS and humans (3, 5) . Apart from pregnancy, several predisposing host factors important for the pathogenesis of invasive GBS infection in adults have been proposed, such as advanced age and chronic debilitating disease (6, 15) . Individual bacterial virulence factors have been identified, and the clonal dispersal of GBS with increased virulence has been suggested as a factor in neonatal disease (12, 25, 29, 36) .
Clinical isolates of GBS generally have a polysaccharide capsule, which is the basis for the serotyping traditionally used for epidemiological purposes. Nine immunologically distinct serotypes have so far been described: serotypes Ia, Ib, and II through VIII (16, 18, 19, 35, 37, 38) . Research, e.g., for developing vaccines, has focused on serotype III, since it has been the serotype most commonly isolated in invasive neonatal disease (3) . While type III together with serotypes Ia, Ib, and II remains important, the most dramatic change in prevalence during the last decade has been the increase in type V among invasive isolates (4, 11, 14) . Evidently, GBS serotype prevalence fluctuates over time and also with geographical location. In Japan, the most common serotypes are VI and VIII, while reports of those serotypes from the rest of the world are rare (22) . Furthermore, the relative distribution of serotypes III and V differs among isolates from laboratories representing different areas of the United States (24) .
The polysaccharide capsule is a major virulence factor in GBS, and consequently most invasive GBS isolates are typeable and hence encapsulated. However, nontypeable GBSs (NT-GBSs) are infrequently reported as a cause of invasive infection and may be an increasing problem in adult invasive GBS infection (11) . We have previously described an inverse relationship between the capsule thickness and the buoyant density (9) . Clinical GBS isolates have often proved to be heterogeneous, and subpopulations with thick or thin capsules may arise in a phase shift-like manner (32) . Reversible NT-GBS phase variants have previously been encountered in blood isolates at our laboratory, where enrichment of low-density subpopulations with hypotonic Percoll gradient centrifugation before typing has been successful (33) .
Apart from technical reasons, we hypothesize three causes for a GBS isolate to be nontypeable: (i) the isolate is a reversible nonencapsulated phase variant, (ii) the isolate produces an uncharacterized polysaccharide for which antibodies not yet are available (i.e., a new serotype), and (iii) the isolate has an insertion or a mutation in genes essential for capsule expression. The aim of this study was to develop methods to classify NT-GBSs and hopefully find the etiology explaining the loss of capsule expression. To that end, GBS isolates previously reported to be NT, gathered from well-known typing laboratories in Scandinavia and the United States, were analyzed to reveal phase variants, supported by a newly devised method of restriction fragment length polymorphism (RFLP) analysis. This RFLP method also revealed major subdivision of serotypes III and VII, so the study was extended to compare the impact of allelic variation on pulsed-field gel electrophoresis (PFGE) patterns for the two serotypes.
MATERIALS AND METHODS
Bacterial strains and culture conditions. Clinical GBS isolates from Sweden, Norway, Denmark, and the United States that were previously reported as NT were collected (6, 10, 13, 21) . Together with additional isolates from our own laboratory, a total of 40 isolates from adults and neonates (20 invasive and 20 noninvasive isolates) were gathered (Table 1) . Reference type strains for each of serotypes I through VIII were kindly supplied by J. Motlova at the Czech National Collection of Type Cultures (CNCTC) in Prague, Czechoslovakia. GBS blood isolates from our laboratory were added to make up three isolates of each of serotypes Ia, Ib, II, IV, V, VI, VII, and VIII. For serotype III, a total of six isolates were investigated; for serotype VII, five isolates were investigated (Table  2 ). Bacteria were plated on blood agar plates (Columbia II agar base [BBL, Cockeysville, Md.] supplemented with 5% horse blood) or in Todd-Hewitt broth (Difco, Detroit, Mich.) and incubated overnight at 37°C.
Serotyping. Serotyping was performed by coagglutination as previously described, with a kit for serotypes I through VIII (10).
Hypotonic Percoll gradient centrifugation. Gradient centrifugation was used to estimate the buoyant density of GBS isolates and to select populations of lower buoyant density, as previously described (32) . If an NT-GBS isolate turned reactive in serotyping assays, it was considered a "reverting" NT-GBS isolate. If an isolate remained NT during three cultivation and centrifugation cycles, it was considered a "nonreverting" NT-GBS isolate.
Sialic acid analysis. All GBS capsule polysaccharides known so far contain sialic acid; therefore, sialic acid analysis can be used for interstrain comparisons of capsule polysaccharide levels. The pellet from a 15-ml culture of GBS (optical density at 500 nm ϭ 1.0) was used to extract sialic acid by HCl hydrolysis (0.1 N HCl at 84°C for 20 min). Analysis was performed with N-acetylneuraminic acid (Sigma Chemical Co., St. Louis, Mo.) as the standard, with the thiobarbituric acid method modified from that of Skoza and Mohos (34) . Protein analysis was performed with the hydrolysate by the bicinchoninic acid method (Pierce, Boule AB, Huddinge, Sweden). All analyses were made in duplicate. To compare means, Student's t test was used.
Preparation of chromosomal DNA. GBS isolates were grown overnight at 37°C in 15 ml of Todd-Hewitt yeast broth supplemented with 20 mM threonine. Bacteria were washed once and resuspended in 5 ml of 0.02 M Tris-HCl (pH 6.8) with 1 M NaCl and 0.05% Triton X-100. One hundred microliters of mutanolysin (5 IU/l) (Sigma) was added, and the sample was incubated overnight at 4°C. Two sequential incubations at 37°C for 15 min each were done, with 100 l of RNase (10 mg/ml) and 100 l of proteinase K (10 mg/ml), respectively. Three subsequent extraction steps were performed with volumes equal to the buffer-DNA solution: (i) with redistilled phenol and chloroform in a 50/50 mixture, (ii) with chloroform, and (iii) with isobutanol. DNA was precipitated by the addition of a 1/10 volume of 3 M sodium acetate (pH 4.8) and 2 volumes of cold 95% ethanol and incubation for 30 min at Ϫ70°C, followed by centrifugation at 10,000 ϫ g for 15 min. The precipitated DNA was washed twice in cold 70% ethanol, dried, and then resuspended in 0.5 ml of 10 mM Tris-HCl (pH 8.0) with 1 mM EDTA. Capsule gene cluster RFLP analysis. A total of 19 nonreverting and 32 typeable GBS isolates were investigated (3 for each serotype or allelic type except for allelic type VII 2 , where only 2 isolates were retrieved). Long-fragment PCRs were set up with the Boehringer Mannheim Expand Long Fragment PCR kit (Roche Diagnostics Scandinavia AB, Bromma, Sweden) with 3 to 400 M of each primer, lorfXfo (5Ј-CAAGGAGGCGATAACGATAG AGGTAGAAAT CAAG-3Ј) and loEFrev (5Ј-TTTGACCCTG ATCGCGCAGGAATAATAC-3Ј) and 350 M dinucleoside triphosphates in buffer 1 with a final concentration of 1.75 mM MgCl 2 with 2.6 U of enzyme mixture in a reaction mixture volume of 50 l. As a template, 2 to 5 l of chromosomal DNA prepared as above was used. Thermocycling was performed on a PTC-200 thermocycler (MJ Research, Falkenberg, Sweden) at 92°C for 2 min for 1 cycle, followed by 92°C for 20 s, 65°C for 30 s, and 68°C for 6 min for 10 cycles, followed by 92°C for 10 s, 65°C for 30 s, and 68°C for 6 min extended by 20 s for each cycle for a total of 20 cycles, followed by 68°C for 7 min. Separate digestions with AvaII and SduI (MBI; Tamrolab AB, Molndal, Sweden) of the long-fragment PCR amplicons were performed, and fragments were separated on 0.8% agarose gels. Molecular weight standard IV (Roche) was included at multiple positions on the gel to allow optimal normalization between runs in the subsequent conversion to computer format prior to cluster analysis (see Fig. 2 ).
PFGE. The serotypes displaying allelic variation in the cps cluster RFLP analysis, namely serotypes III and VII, were analyzed by PFGE. In all, 14 type III sensu lato (s.l.), reference, reverting NT-GBS, and cluster type III strains were included in a PFGE comparison. The seven serotype VII strains in the study were analyzed on a separate PFGE gel.
Chromosomal DNA from GBS isolates embedded in agarose plugs was prepared as previously described (7, 8). An agarose slice was incubated overnight at 30°C with 20 U of SmaI (MBI) in the enzyme buffer provided. Plugs were washed in Tris-EDTA buffer for 1 h at 5°C before being mounted into wells of a 1% Pulsed Field Certified Agarose gel (Bio-Rad Laboratories AB, Sundbyberg, Sweden) in 0.5ϫ Tris-borate-EDTA buffer (pH 8.3). Electrophoresis was performed on an automated PFGE apparatus, the Gene Path strain typing system (Bio-Rad). The standard program for fragment sizes of 50 to 600 kb was used. A standard ladder (New England Biolabs, Inc., Beverly, Mass.) was included alongside the samples. The agarose gel was stained with 0.2% ethidium bromide, washed in tap water, visualized, and photographed under UV light.
Cluster analysis. Restriction profile photographs were analyzed with GelCompar software, version 4.0 (Applied Maths, Kortrijk, Belgium). The scans of the AvaII and SduI restriction gels were combined into one RFLP pattern for each isolate. AvaII bands of less than 0.7 kb were often faint and were not included in the clustering. The unweighted pair-group method with arithmetic averages (UPGMA) clustering method was used, using the Dice coefficient with a band position tolerance of 1 to 1.2%. The electrophoresis patterns of both the capsule gene cluster RFLP and the PFGE of chromosomal DNA were analyzed with the same program settings.
Sequencing technique. Direct PCR product sequencing was performed with ABI PRISM products (Perkin-Elmer Applied Biosystems, Stockholm, Sweden) as previously described (20) .
PCR mapping. The area immediately upstream of cpsA and cpsA-D was mapped with PCR primers, using previously published amplification protocols (20) . All serotype III and VII isolates were explored for the insertion of IS1548 in the hylB gene by PCR analysis as previously described (8) .
RESULTS
Serotyping before and after hypotonic Percoll gradient centrifugation. Without pretreatment, five of the isolates previously classified as NT-GBS isolates could be typed by coagglutination at our laboratory. After the isolation of phase variants by gradient centrifugation, the serotypes of 16 additional NT-GBS isolates could be determined (Table 1) . A total of 19 of 35 NT-GBS isolates were still nontypeable after hypotonic Percoll gradient centrifugation.
Sialic acid and buoyant density estimations. No NT-GBS isolate with low buoyant density and high levels of sialic acid, suggestive of a new serotype, was found. The nonreverting isolates had significantly (P Ͻ 0.05) lower sialic acid levels than reverting isolates, with a mean of 0.7 (standard deviation [SD, 0.3]) to 1.8 (SD, 1.9) g/mg of protein, respectively. The five typeable NT-GBS isolates did not differ significantly in sialic acid content compared to the reference isolates, with a mean of 3.6 (SD, 1.3) to 2.9 (SD, 1.1) g/mg of protein. The reference isolates displayed significantly higher amounts of sialic acid than both reverting and nonreverting NT-GBS isolates (P Ͻ 0.001).
Capsule locus-targeted RFLP. The cps locus-specific RFLP method was devised not only as an alternative typing method but also to evaluate the gross structure of the capsule gene cluster. Long-fragment PCR generated an approximately 13.3-kb-long amplicon spanning cpsX to cpsE (Fig. 1) . By visual inspection of the AvaII restrictions gels, a distinction between serotypes started to appear, but the addition of a parallel SduI restriction gel is needed to allow classification in relation to serotype (Fig. 2) . In order to use cluster analysis of the gels for typing purposes, a suitable cutoff value had to be established, i.e., a similarity index above which similar organization of the capsule gene locus is suggested. When only reference isolates were included in the dendrogram, comparison of the combined AvaII and SduI restriction patterns showed the highest percentage of similarity between two separate serotypes, 88%, between serotypes V and VI (data not shown). All other serotypes differed more with similarities of 60 to 80%; therefore, 88% was set as the cutoff value in the comparison when NT-GBS isolates were added to the dendrogram (Fig. 3) . All three reference serotype isolates clustered with 100% similarity with the exception of serotype Ib, where a minor diversity (within 90% similarity) was displayed. However, serotypes III and VII were each split in two distant clusters with a similarity of approximately only 60%. When the RFLP of nonreverting NT-GBS isolates was added to the a dendrogram, four main divisions became apparent. The first division contains serotypes Ia, III 2 , and VII 2 ; the second division contains serotypes V, VI, and IV; the third division contains serotypes Ib, VIII, and III 1 ; and the fourth division contains serotypes II and VII 1 (Fig. 3) . Of the individual isolates, 17 of 19 clustered with Ͼ88% similarity to a reference serotype. In fact, 9 of 19 clustered with 100% similarity, 6 more isolates displayed Ն90% similarity, and 2 isolates clustered close to the cutoff at 89% (Fig. 3) . The ascribed cluster types for NT-GBS isolates according to the closest clustering reference serotype in the dendrogram are compiled in Table 1 .
PFGE analysis. Visual inspection of the type III s.l. PFGE gels secludes one group of III 1 isolates that form more scattered patterns with several weak partially digested bands complicating comparison and transformation to computer format preceding cluster analysis (Fig. 4A) . In this process, visual guidance and careful scrutiny of negatives or gels are of paramount importance. The PFGE patterns were reproducible, resisting variation in the digestion protocol. The dendrogram analysis matched the visual impression in that three main clusters could be seen: one cluster contained allelic type III 2 iso- 
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lates only, one cluster contained the scattered allelic type III 1 pattern that was PCR positive for IS1548 in hylB, and a middle cluster contained IS1548-negative allelic type III 1 isolates and one allelic type III 2 isolate (Fig. 4B) . For the serotype VII isolates, the dendrogram analysis of the gel picture resulted in a split of the two allelic variants into different PFGE clusters, which both lacked IS1548 (Fig. 5) . PCR mapping. In search of insertions or gross rearrangements, nonreverting NT-GBS isolates were mapped using PCR primers for sequences from cpsY to cpsD (20) . Two of 19   FIG. 3 . Gel-dendrogram diagram of cps long-fragment PCR amplicon RFLP from 19 NT-GBS and 32 typeable GBS isolates. Each isolate is represented by one lane where the schematic band profile is combined from separate digestions with AvaII (left) and SduI (right). The horizontal bar (upper left) represents the percent similarity coefficient. Clustering was performed using the UPGMA method.
nonreverting NT-GBS isolates, Ros106 and GA4096, generated approximately 1.5-kb-larger amplicons with primers for cpsA and cpsD then the other isolates. Nucleotide sequencing of the amplicon flanks revealed the insertion of IS1548 (8) in Ros106 and the insertion of IS861 (30) in GA4096 into cpsD (Fig. 6) .
DISCUSSION
Following the classical description in the 1930s by R. Lancefield of GBS serotyping based on immunoprecipitation in gel (23), many additional serotyping techniques have been devised, such as immunodiffusion, coagglutination, or enzyme immunoassays (1, 10, 17, 23) . The theoretical detection levels of these techniques differ by 10-to 100-fold (26) . Furthermore, different extraction procedures for the antigenic preparations and differences in antisera may also influence the sensitivity of the test and thus the rate of NT-GBS isolates found (27) . In this study, more than 10% of GBS isolates previously reported as NT could be ascribed to a serotype merely by applying an alternative method of analysis. The technical reasons discussed above may have contributed to the initial nonreactivity in those cases. In roughly 50% of the NT-GBS isolates gathered for this study, a shift to lower buoyant density after hypotonic Percoll gradient centrifugation accompanied a positive capsule-serotyping reaction (Table 2 ). It seems that the primary NT reaction may be due to the fact that the NT-GBSs were isolated in a reversible non-or thin-encapsulated phase. All the major serotypes could be detected among the reverting isolates, which implies that the phase variation is a common phenomenon in GBSs regardless of serotype. A variable level of sero- type antigen expression has previously also been reported by Palacios et al., where low levels of serotype polysaccharide have been found in subsets of NT-GBS isolates (27) .
The RFLP method described here allowed 17 of 19 nonreverting isolates to be assigned a cluster type in relation to serotype reference strains. Thus, a genotyping method compatible with the prevailing serotyping system is proposed. The described genotyping system still needs preparation of chromosomal DNA as a template, and DNA-primer relations for some of the isolates need to be individually optimized to obtain a long-fragment PCR amplicon. The major advantages are that genotyping seems to work where other methods so far have failed with NT-GBS and that allelic variants of type III and VII may be diagnosed. Furthermore, the suggested relations between serotypes within the divisions may be interesting from an evolutionary point of view. Reports on an evolutionary split for serotype III have previously been made based on population genetic approaches (12, 25) . The split of the low-prevalence serotype VII into two distinct lineages has to our knowledge not been published before. If allelic variation in the cps locus has any functional implications at all, it remains to be shown; but nevertheless, it has the potential to be a genotypic marker for epidemiological investigations of GBS serotype III and VII infections.
A close similarity of RFLP patterns in NT-GBS isolates and typeable reference strains suggests a similar gross organization of the capsule gene clusters. Although the decreased similarity index seen for NT-GBS isolates in the cps dendrogram as compared to reference isolates (Fig. 3 ) may conceal causes of defective capsule expression, no definite explanation is offered. However, in two of the nonreverting isolates a rationale was proposed, since insertion sequences (ISs) were identified within the capsule gene cluster (Fig. 6 ). Both insertions affected cpsD, and loss of the corresponding product, galactosyl transferase, has previously been demonstrated to be detrimental to capsule expression (31) . That the search for IS elements is relevant when loss of gene function occurs in wild-type GBS isolates was also exemplified in a previous report by Granlund et al., where inactivation of the hyaluronidase gene by the insertion of IS1548 was described (8) . The target sequences for the IS elements in our report differ from those previously published, indicating that variation in the target site is allowed (Fig. 6) . Furthermore, short target sequences (as in IS861) increase the probability for multiple insertions in the GBS genome with possible interference with other genes. Up to eight copies of IS861 and IS1548 have previously been reported in serotype III GBS isolates (8, 32) , and the overall impact of insertion elements on the phenotype, genome size, and PFGE patterns could consequently be substantial. Although the two isolates which harbored insertion elements, Ros106 and GA4096, had a similarity index below the chosen cutoff value for assigning a cluster type, the closest clustering reference (serotype II) still seems possible. These insertion elements add one or two restriction sites for the enzymes used, which may explain the deviation. No candidate with a putative new serotype was discovered among the NT-GBS isolates. This would have been suggested if a low-density isolate was found with a high level of sialic acid and low similarity to reference strains in the cluster typing.
DNA-based typing methods are important tools in the epidemiology of infectious diseases. Due to high discriminatory power and reproducibility, PFGE has been established as the method of choice for tracking common-source outbreaks of infection (2) . Some correspondence to serotype can be seen in cluster analysis following PFGE of GBS genomic DNA (4). Since the cps cluster RFLP described here was designed to be congruent to the existing serotyping scheme, it allows an increased resolution, compared to PFGE, for ascribing a type to NT-GBS isolates. The combination of locus-based and genomic DNA typing methods, together with accessory PCR and phenotyping methods, may be needed to cover all aspects of variability that GBS can display. 
ADDENDUM IN PROOF
After completion of this report, the gene designations in the serotype III cps cluster (GenBank accession no. 
